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(57) ABSTRACT 
A hologram element that forms a predetermined illumination 
pattern on an irradiated surface by diffracting incident light is 
disclosed. The illumination pattern is formed by making light 
in a ?rst Wavelength region diffracted in a ?rst region, and the 
illumination pattern is formed by making light in a second 
Wavelength region different from the ?rst Wavelength region 
diffracted in a second region on the same plane as the ?rst 
region. 

15 Claims, 11 Drawing Sheets 
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HOLOGRAM ELEMENT, ILLUMINATION 
DEVICE, PROJECTOR, AND METHOD OF 
MANUFACTURING HOLOGRAM ELEMENT 

BACKGROUND 

1. Technical Field 
The present invention relates to a hologram element, an 

illumination device, a projector, and a method of manufac 
turing a hologram element and more particularly, to a tech 
nique of a hologram element used in an illumination device of 
a projector. 

2. Related Art 
In recent years, a projector is becoming smaller in siZe. A 

spatial light modulation device, for example, a liquid crystal 
display device is also becoming smaller as a projector is 
becoming smaller. In the case of a transmissive liquid crystal 
display device that transmits light, a rate of a black matrix 
serving as a light shielding portion betWeen pixels increases 
as the liquid crystal display device becomes smaller. As a 
result, an aperture ratio decreases. On the other hand, in the 
case of a re?ective liquid crystal display device that re?ects 
light, a control line for every pixel is disposed beloW a re?ec 
tion electrode. Accordingly, it is possible to make a gap 
betWeen pixels extremely small. A decrease in opening ratio 
can be reduced by making the gap betWeen pixels small. In 
addition, in the case of using a re?ective liquid crystal display 
device, an optical system may also be reduced in siZe by 
adopting a con?guration in Which light is emitted by using the 
same optical path as light incident on the re?ective liquid 
crystal display device. From those described above, it can be 
said that the re?ective liquid crystal display device is suitable 
for miniaturization of a projector. A technique of a projector 
using a re?ective liquid crystal display device is proposed in 
JP-A-2006-84820, for example. 

Atechnique of using a laser light source as a light source of 
a projector has been recently proposed. As compared With an 
ultra-high pressure mercury lamp (UHP lamp) that has been 
used as a light source of a projector in the related art, the laser 
light source is advantageous in high color reproducibility, 
instant lighting, a long life, and the like. A hologram element 
can be used in an illumination device using a laser light 
source. In the hologram element, shaping and enlargement of 
an illuminated region and equaliZation of the light amount 
distribution in the illuminated region may be performed 
simultaneously by diffracting a laser beam. The hologram 
element can correctly perform shaping of an illuminated 
region, equaliZation of the light amount distribution in the 
illuminated region uniform, and the like by adopting a con 
?guration corresponding to the Wavelength of diffracted 
light. In the case of displaying an image With a plurality of 
color light components, a hologram element for every color 
light component is used to achieve reliable optical perfor 
mance. 

In the case of combining a hologram element and a re?ec 
tive liquid crystal display device, it is di?icult to adopt a 
con?guration in Which light is emitted by using the same 
optical path as light incident on the re?ective liquid crystal 
display device, and an optical path from a laser light source to 
the re?ective liquid crystal display device is required for 
every color light component. Since an optical path from the 
laser light source to the re?ective liquid crystal display device 
is required for every color light component, it is di?icult to 
realiZe a compact optical system. As described above, in the 
knoWn techniques, there is a problem that satisfactory optical 
performance With respect to light components in a plurality of 
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2 
Wavelength regions and miniaturization of a structure Where 
a hologram element is provided are dif?cult to be compatible 
With each other. 

SUMMARY 

An advantage of some aspects of the invention is that it 
provides a hologram element capable of obtaining reliable 
optical performance With respect to light components in a 
plurality of Wavelength regions and suitable for a compact 
con?guration, an illumination device using the hologram ele 
ment, a projector, and a method of manufacturing a hologram 
element. 

According to an aspect of the invention, there is provided a 
hologram element that forms a predetermined illumination 
pattern on an irradiated surface by diffracting incident light. 
The illumination pattern is formed by making light in a ?rst 
Wavelength region diffracted in a ?rst region, and the illumi 
nation pattern is formed by making light in a second Wave 
length region different from the ?rst Wavelength region dif 
fracted in a second region on the same plane as the ?rst region. 
By making the light in the ?rst Wavelength region and the 

light in the second Wavelength region diffracted in the ?rst 
and second regions on the same plane, respectively, the illu 
mination device can be formed With a smaller number of 
components than a case Where a hologram element is dis 
posed for every Wavelength region and a space can be saved. 
In addition, it is possible to obtain reliable optical perfor 
mance With respect to light components in a plurality of 
Wavelength regions by adopting a con?guration of diffracting 
light components in different Wavelength regions for every 
region. Thus, it is possible to achieve reliable optical perfor 
mance With respect to light components in a plurality of 
Wavelength regions and to obtain a hologram element suitable 
for a compact con?guration. 

Furthermore, in the hologram element described above, 
preferably, a plurality of protruding portions are formed in the 
?rst region and the second region, the protruding portion 
provided in the ?rst region has a length set in the direction 
approximately perpendicular to the plane With a ?rst unit 
length corresponding to the ?rst Wavelength region as a unit, 
and the protruding portion provided in the second region has 
a length set in the direction approximately perpendicular to 
the plane With a second unit length corresponding to the 
second Wavelength region as a unit. Thus, a con?guration of 
diffracting light components having different Wavelengths 
for every region is realiZed and the reliable optical perfor 
mance With respect to light components having a plurality of 
Wavelengths is obtained. 

Furthermore, according to another aspect of the invention, 
an illumination device includes: a light source portion that 
supplies coherent light; and the above-described hologram 
element that diffracts the coherent light. By using the above 
described hologram element, it is possible to achieve the 
reliable optical performance With respect to light components 
having a plurality of Wavelengths and to realiZe a compact 
con?guration. As a result, a high-performance and compact 
illumination device can be obtained. 

Furthermore, in the illumination device described above, 
preferably, the light source portion includes a ?rst light source 
portion that supplies coherent light in the ?rst Wavelength 
region and a second light source portion that supplies coher 
ent light in the second Wavelength region different from the 
?rst Wavelength region, and the hologram element forms the 
illumination pattern by making the coherent light in the ?rst 
Wavelength region diffracted in a ?rst region and forms the 
illumination pattern by making the coherent light in the sec 
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ond Wavelength region diffracted in the second region on the 
same plane as the ?rst region. Thus, it is possible to obtain the 
hologram element having reliable optical performance With 
respect to the coherent light in the ?rst Wavelength region and 
the coherent light in the second Wavelength region. 

Furthermore, in the illumination device described above, it 
is preferable to further include a light separating portion that 
separates the coherent light in the ?rst Wavelength region 
from the hologram element and the coherent light in the 
second Wavelength region from each other. Thus, it is possible 
to make coherent light in the ?rst Wavelength region from the 
hologram element and coherent light in the second Wave 
length region move in different directions. 

Furthermore, in the illumination device described above, 
preferably, the ?rst light source portion supplies coherent 
light that is ?rst polariZed light having a ?rst oscillating 
direction, the second light source portion supplies coherent 
light that is second polariZed light having a second oscillating 
direction approximately perpendicular to the ?rst oscillating 
direction, and the light separating portion includes a polariZed 
light separating portion that re?ects the ?rst polariZed light 
and transmits the second polariZed light. Thus, it is possible to 
separate coherent light in the ?rst Wavelength region from 
coherent light in the second Wavelength region. 

Furthermore, in the illumination device described above, 
preferably, the light source portion includes a third light 
source portion that supplies coherent light in a third Wave 
length region different from the ?rst Wavelength region and 
the second Wavelength region, the hologram element forms 
the illumination pattern by making the coherent light in the 
third Wavelength region diffracted in a third region on the 
same plane as the ?rst region and the second region, and the 
light separating portion includes a ?rst light separating por 
tion that separates the coherent light in the ?rst Wavelength 
region and the coherent light in the third Wavelength region 
from the coherent light in the second Wavelength region and 
a second light separating portion that separates the coherent 
light in the ?rst Wavelength region from the coherent light in 
the third Wavelength region. By making it possible to supply 
light components in three Wavelength regions, a con?gura 
tion suitable for application of image display is realiZed. By 
adopting a con?guration using one hologram element With 
respect to light components in three Wavelength regions, the 
illumination device can have a compact con?guration having 
a small number of components compared With a case Where a 
plurality of hologram elements are used. 

Furthermore, in the illumination device described above, 
preferably, the second light separating portion includes a 
Wavelength separating portion that transmits the coherent 
light in the ?rst Wavelength region and re?ects the coherent 
light in the third Wavelength region. Thus, it is possible to 
separate coherent light in the ?rst Wavelength region from 
coherent light in the third Wavelength region. 

Furthermore, in the illumination device described above, 
preferably, the light source portion includes a third light 
source portion that supplies coherent light in a third Wave 
length region different from the ?rst Wavelength region and 
the second Wavelength region, and the hologram element 
includes a ?rst hologram element that diffracts the coherent 
light in the ?rst Wavelength region and the coherent light in 
the second Wavelength region and a second hologram element 
that diffracts the coherent light in the third Wavelength region. 
By making it possible to supply light components in three 
Wavelength regions, a con?guration suitable for application 
of image display is realiZed. By adopting a con?guration 
using tWo hologram elements With respect to light compo 
nents in three Wavelength regions, the illumination device can 
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4 
have a compact con?guration having a small number of com 
ponents compared With a case Where three hologram ele 
ments are used. In addition, it is possible to reduce the shift 
amount of diffracted light With respect to an optical axis of the 
hologram element, as compared With a case of diffracting 
light components in respective Wavelength regions With one 
hologram element. As a result, it is possible to increase the 
diffraction e?iciency. 

Furthermore, in the illumination device described above, 
preferably, the hologram element makes ?rst-order diffracted 
light incident on an irradiated surface. Furthermore, it is 
preferable that the hologram element makes only the ?rst 
order diffracted light incident on the irradiated surface. In the 
con?guration in Which ?rst-order diffracted light and Zero 
order diffracted light are simultaneously incident on an irra 
diated surface, if the light amount of the Zero-order diffracted 
light is larger than that of the ?rst-order diffracted light, there 
is a case Where only a part of an illuminated region is bright 
since the Zero-order diffracted light and the ?rst-order dif 
fracted light overlap each other. By adopting a con?guration 
in Which only the ?rst-order diffracted light is incident, it is 
possible to make the light amount distribution uniform. Thus, 
light having the uniform light amount distribution can be 
supplied. 

Furthermore, in the illumination device described above, 
preferably, the ?rst light source portion and the second light 
source portion make the coherent light in the ?rst Wavelength 
region and the coherent light in the second Wavelength region, 
Which are arranged in parallel in the speci?c direction along 
the plane, incident on the hologram element, and the holo 
gram element makes the ?rst-order diffracted light, Which is 
shifted from an optical axis of the hologram element Within a 
plane approximately perpendicular to the speci?c direction, 
incident on the irradiated surface. In this case, it is possible to 
make equal the shift amount of the ?rst-order diffracted light 
from the optical axis of the hologram element regarding each 
coherent light in the ?rst Wavelength region and the second 
Wavelength region. Thus, approximately the same diffraction 
ef?ciency canbe obtained regarding each coherent light in the 
?rst Wavelength region and the second Wavelength region. 

Furthermore, according to still another aspect of the inven 
tion, a projector includes: the above-described illumination 
device; and a spatial light modulation device that modulates 
light from the illumination device according to an image 
signal. By using the illumination device described above, a 
high-performance and compact con?guration can be realiZed. 
As a result, a bright and high-quality image can be displayed 
and a compact projector can be obtained. 

Furthermore, in the projector described above, preferably, 
the illumination device includes: a ?rst light source portion 
that supplies coherent light in a ?rst Wavelength region; a 
second light source portion that supplies coherent light in a 
second Wavelength region different from the ?rst Wavelength 
region; a hologram element that forms a predetermined illu 
mination pattern on an irradiated surface by diffracting the 
coherent light from the ?rst light source portion and the 
second light source portion; and a light separating portion that 
separates the coherent light in the ?rst Wavelength region 
from the hologram element and the coherent light in the 
second Wavelength region from each other. Preferably, the 
spatial light modulation device includes a ?rst spatial light 
modulation device that modulates the coherent light in the 
?rst Wavelength region according to an image signal and a 
second spatial light modulation device that modulates the 
coherent light in the second Wavelength region according to 
an image signal, the ?rst spatial light modulation device 
modulates the coherent light in the ?rst Wavelength region 
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from the light separating portion and makes the modulated 
coherent light incident on the light separating portion, the 
second spatial light modulation device modulates the coher 
ent light in the second Wavelength region from the light sepa 
rating portion and makes the modulated coherent light inci 
dent on the light separating portion, and the light separating 
portion mixes the coherent light in the ?rst Wavelength region 
from the ?rst spatial light modulation device With the coher 
ent light in the second Wavelength region from the second 
spatial light modulation device and makes the mixed light 
move in the direction of a projected surface. In this case, the 
coherent light in the ?rst Wavelength region and the coherent 
light in the second Wavelength region can be emitted by using 
the same optical path as When being incident on the spatial 
light modulation device. As a result, a compact con?guration 
can be realiZed. 

Furthermore, in the projector described above, preferably, 
the illumination device includes a third light source portion 
that supplies coherent light in a third Wavelength region dif 
ferent from the ?rst Wavelength region and the second Wave 
length region, the hologram element forms the illumination 
pattern by diffracting the coherent light from the third light 
source portion, the spatial light modulation device includes a 
third spatial light modulation device modulates the coherent 
light in the third Wavelength region according to an image 
signal, the light separating portion includes a ?rst light sepa 
rating portion that separates the coherent light in the ?rst 
Wavelength region and the coherent light in the third Wave 
length region from the coherent light in the second Wave 
length region and a second light separating portion that sepa 
rates the coherent light in the ?rst Wavelength region from the 
coherent light in the third Wavelength region, the ?rst spatial 
light modulation device modulates the coherent light in the 
?rst Wavelength region from the second light separating por 
tion and makes the modulated light incident on the second 
light separating portion, the third spatial light modulation 
device modulates the coherent light in the third Wavelength 
region from the second light separating portion and makes the 
modulated light incident on the second light separating por 
tion, the second light separating portion mixes the coherent 
light in the ?rst Wavelength region from the ?rst spatial light 
modulation device With the coherent light in the third Wave 
length region from the third spatial light modulation device 
and makes the mixed light move in the direction of the ?rst 
light separating portion, the second spatial light modulation 
device modulates the coherent light in the second Wavelength 
region from the ?rst light separating portion and makes the 
modulated light incident on the ?rst light separating portion, 
and the ?rst light separating portion mixes the coherent light 
in the ?rst Wavelength region from the second light separating 
portion, the coherent light in the third Wavelength region, and 
the coherent light in the second Wavelength region from the 
second spatial light modulation device and makes the mixed 
light move in the direction of the projected surface. Thus, the 
coherent light in the ?rst Wavelength region, the coherent 
light in the second Wavelength region, and the coherent light 
in the third Wavelength region can be emitted by using the 
same optical path as When being incident on the spatial light 
modulation device. 

Furthermore, in the projector described above, preferably, 
the illumination device includes a third light source portion 
that supplies coherent light in a third Wavelength region dif 
ferent from the ?rst Wavelength region and the second Wave 
length region. Preferably, the hologram element includes: a 
?rst hologram element that diffracts the coherent light in the 
?rst Wavelength region and the coherent light in the second 
Wavelength region; a second hologram element that diffracts 
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6 
the coherent light in the third Wavelength region; and a light 
mixing portion provided at the position Where the coherent 
light in the third Wavelength region from the second hologram 
element is incident. Preferably, the spatial light modulation 
device includes a third spatial light modulation device that 
modulates the coherent light in the third Wavelength region 
from the light mixing portion according to an image signal, 
the light separating portion separates the coherent light in the 
?rst Wavelength region from the ?rst hologram element and 
the coherent light in the second Wavelength region from each 
other, the third spatial light modulation device modulates the 
coherent light in the third Wavelength region from the light 
mixing portion and makes the modulated light incident on the 
light mixing portion, and the light mixing portion mixes the 
coherent light in the ?rst Wavelength region from the light 
separating portion, the coherent light in the second Wave 
length region, and the coherent light in the third Wavelength 
region from the third spatial light modulation device and 
makes the mixed light move in the direction of the projected 
surface. Thus, the coherent light in the ?rst Wavelength 
region, the coherent light in the second Wavelength region, 
and the coherent light in the third Wavelength region can be 
emitted by using the same optical path as When being incident 
on the spatial light modulation device. 

In addition, according to still another aspect of the inven 
tion, a method of manufacturing a hologram element having 
a predetermined illumination pattern formed on an irradiated 
surface by diffracting incident light includes: performing a 
?rst mold forming process for forming a ?rst mold having a 
plurality of protruding portions Which are formed on a ?rst 
?at surface and each of Which has a length set in the direction 
approximately perpendicular to the ?rst ?at surface With a 
?rst unit length corresponding to a ?rst Wavelength region as 
a unit; performing a second mold forming process for form 
ing a second mold having a plurality of protruding portions 
Which are formed on a second ?at surface and each of Which 
has a length set in the direction approximately perpendicular 
to the second ?at surface With a second unit length corre 
sponding to a second Wavelength region different from the 
?rst Wavelength region as a unit; performing a paralleliZing 
process for arranging the ?rst mold and the second mold in 
parallel; and performing a transferring process for transfer 
ring shapes of the ?rst and second molds, Which are arranged 
in parallel in the paralleliZing process, to a material member. 
Thus, a hologram element capable of diffracting light com 
ponents having different Wavelengths for every region can be 
easily manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be described With reference to the 
accompanying draWings, Wherein like numbers reference like 
elements. 

FIG. 1 is a vieW schematically illustrating the con?guration 
of a projector according to a ?rst embodiment of the inven 
tion. 

FIG. 2 is a vieW illustrating the con?guration of a hologram 
element. 

FIG. 3 is a vieW schematically illustrating the surface con 
?guration of a hologram element. 

FIG. 4 is a cross-sectional vieW taken along the line IV-IV 
of FIG. 3. 

FIG. 5 is a vieW explaining setting of the length of a 
protruding portion in the Z direction. 

FIG. 6 is a vieW explaining separation and mixing of 
respective color light components. 
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FIG. 7 is a vieW schematically illustrating the con?guration 
of a projector according to a second embodiment of the inven 
tion. 

FIG. 8 is a vieW explaining separation and mixing of 
respective color light components. 

FIG. 9 is a vieW schematically illustrating the con?guration 
of a projector according to a third embodiment of the inven 
tion. 

FIG. 10 is a vieW illustrating theYZ plane con?guration of 
each component With respect to B light. 

FIG. 11 is a vieW illustrating theYZ plane con?guration of 
each component With respect to G light. 

FIG. 12 is a vieW illustrating a comparative example of the 
third embodiment. 

FIG. 13 is a vieW explaining procedures of manufacturing 
a hologram element according to a fourth embodiment of the 
invention. 

FIG. 14 is a vieW explaining procedures of manufacturing 
the hologram element according to the fourth embodiment of 
the invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, embodiments of the invention Will be 
described in detail With reference to the accompanying draW 
ings. 

First Embodiment 

FIG. 1 is a vieW schematically illustrating the con?guration 
of a projector 10 according to a ?rst embodiment of the 
invention. The projector 10 is a front projection type projector 
that supplies light onto a screen (not shoWn) and alloWs a 
vieWer to enjoy an image by observing the light re?ected from 
the screen. The projector 10 has a light source portion 11R for 
red (R) light, a light source portion 11G for green (G) light, 
and a light source portion 11B for blue (B) light. The light 
source portion 11R for R light, the light source portion 11G 
for G light, and the light source portion 11B for B light are 
light source portions that supply laserbeams Which are coher 
ent light. 

The light source portion 11R for R light is a ?rst light 
source portion that supplies R light Which is a laser beam in a 
?rst Wavelength region. The light source portion 11G for G 
light is a second light source portion that supplies G light 
Which is a laser beam in a second Wavelength region different 
from the ?rst Wavelength region. The light source portion 11B 
for B light is a third light source portion that supplies B light 
Which is a laser beam in a third Wavelength region different 
from the ?rst Wavelength region and the second Wavelength 
region. The light source portion 11R for R light, the light 
source portion 11G for G light, and the light source portion 
11B for B light each have semiconductor lasers. The light 
source portion 11R for R light and the light source portion 
11B for B light supply ?rst polariZed light having a ?rst 
oscillating direction. The ?rst polariZed light is s-polariZed 
light, for example. The light source portion 11G for G light 
supplies second polarized light having a second oscillating 
direction. The second polariZed light is p-polariZed light, for 
example. 

Laser beams from the light source portions 11R, 11G, and 
11B for respective color light components are incident on the 
hologram element 12. The hologram element 12 forms a 
predetermined illumination pattern on an irradiated surface 
by diffracting coherent light from the light source portions 
11R, 11G, and 11B for respective color light components. 
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8 
The irradiated surface is an incidence surface of each of 
spatial light modulation devices 20R, 20G, and 20B for 
respective color light components. A laser beam incident on 
the hologram element 12 has a beam shape that forms a spot 
in an approximately circular shape. In addition, a laser beam 
incident on the hologram element 12 shoWs a light amount 
distribution such that the light amount is maximal at the 
center of the spot and the light amount is decreased as being 
separated from the center of the spot. On the other hand, the 
hologram element 12 forms an illumination pattern of a rect 
angular shaped and uniform light amount distribution on the 
irradiated surface. The hologram element 12 performs shap 
ing and enlargement of an illuminated region and equaliza 
tion of the light amount distribution in the illuminated region. 
A laser beam from the hologram element 12 is transmitted 

through a ?eld lens 14 and is then incident on a polariZed light 
separating portion 15. The ?eld lens 14 makes laser beams 
from the hologram element 12 parallel to each other. The 
polariZed light separating portion 15 is a ?rst light separating 
portion for separating R light and B light from G light. The 
polariZed light separating portion 15 is formed by bonding 
tWo rectangular prisms together. A polariZed light separating 
?lm 16 is coated betWeen the tWo rectangular prisms. The 
polariZed light separating ?lm 16 is a dielectric multi-layered 
?lm, for example. The polariZed light separating portion 15 
serves to make s-polariZed light, Which is the ?rst polariZed 
light, re?ected from the polariZed light separating ?lm 16 and 
p-polariZed light, Which is the second polarized light, trans 
mitted through the polariZed light separating ?lm 16. The 
polariZed light separating portion 15 may have not only a 
cube shape but also a plate shape. 
A Wavelength separating portion 17 is provided at a side of 

the polariZed light separating portion 15 not facing a proj ec 
tion lens 21. The Wavelength separating portion 17 is a second 
light separating portion for separating R light from B light. 
The Wavelength separating portion 17 is formed by bonding 
tWo rectangular prisms together. A Wavelength separating 
?lm 18 is coated betWeen the tWo rectangular prisms. The 
Wavelength separating ?lm 18 is a dielectric multi-layered 
?lm, for example. The Wavelength separating portion 17 
serves to make the R light, Which is a laser beam in the ?rst 
Wavelength region, transmitted through the Wavelength sepa 
rating ?lm 18 and the B light, Which is a laserbeam in the third 
Wavelength region, re?ected from the Wavelength separating 
?lm 18. The Wavelength separating portion 17 may have not 
only a cube shape but also a plate shape. The light source 
portions 11R, 11G, and 11B for respective color light com 
ponents, the hologram element 12, the ?eld lens 14, the polar 
iZed light separating portion 15, the Wavelength separating 
portion 17, and a prism 19 form an illumination device. 

The spatial light modulation device 20R for R light is 
provided on a surface of the Wavelength separating portion 17 
not facing the polariZed light separating portion 15. The spa 
tial light modulation device 20B for B light is provided at the 
position symmetrical to the spatial light modulation device 
20R for R light With respect to the Wavelength separating ?lm 
18. The spatial light modulation device 20R for R light is a 
?rst spatial light modulation device that modulates R light 
from the illumination device according to an image signal. 
The spatial light modulation device 20R for R light modulates 
the R light from the Wavelength separating portion 17 and 
makes the modulated R light incident on the Wavelength 
separating portion 17. The spatial light modulation device 
20B for B light is a third spatial light modulation device that 
modulates B light from the illumination device according to 
an image signal. The spatial light modulation device 20B for 
B light modulates the B light from the Wavelength separating 



US 7,950,809 B2 

portion 17 and makes the modulated B light incident on the 
Wavelength separating portion 17. 

The prism 19 is provided at a side of the polarized light 
separating portion 15 not facing the ?eld lens 14. The spatial 
light modulation device 20G for G light is provided on a 
surface of the prism 19 not facing the polarized light separat 
ing portion 15. The spatial light modulation device 20G for G 
light is a second spatial light modulation device that modu 
lates G light from the illumination device according to an 
image signal. The spatial light modulation device 20G for G 
light modulates G light transmitted from the polariZed light 
separating portion 15 through the prism 19 and makes the 
modulated G light incident on the polariZed light separating 
portion 15 through the prism 19. The spatial light modulation 
device 20R for R light, the spatial light modulation device 
20B for B light, and the spatial light modulation device 20G 
for G light are re?ective liquid crystal display devices (liquid 
crystal on silicon: LCOS). In addition, in the projector 10, a 
space may be provided in a portion corresponding to the 
prism 19 Without providing the prism 19. The projection lens 
21 makes each of the color light components, Which are 
modulated by the spatial light modulation devices 20R, 20G, 
and 20B for respective color light components, to be pro 
jected. 

FIG. 2 is a vieW illustrating the con?guration of the holo 
gram element 12. The hologram element 12 is supported by a 
supporting portion 13. The hologram element 12 includes a 
?rst region AR1, a second region AR2, and a third region 
AR3. The ?rst region AR1, the second region AR2, and the 
third region AR3 are positioned on the same plane, that is, an 
Xy plane. The Z direction is a direction approximately per 
pendicular to the plane. The light source portion 11R (refer to 
FIG. 1) for R light makes the R light incident on the ?rst 
region AR1. The hologram element 12 diffracts the R light in 
the ?rst region AR1. The light source portion 11G (refer to 
FIG. 1) for G light makes the G light incident on the second 
region AR2. The hologram element 12 diffracts the G light in 
the second regionAR2. The light source portion 11B (refer to 
FIG. 1) for B light makes the B light incident on the third 
region AR3. The hologram element 12 diffracts the B light in 
the third region AR3. 

FIG. 3 is a vieW schematically illustrating the surface con 
?guration of the hologram element 12. FIG. 4 is a cross 
sectional vieW taken along the line IV-IV of FIG. 3. A plural 
ity of protruding portions 25 are formed in the ?rst region 
AR1, the second region AR2, and the third region AR3. The 
protruding portion 25 is a surface of the hologram element 12 
and is provided on an emission surface from Which light is 
emitted, for example. The protruding portion 25 has a rect 
angular shape Within the XY plane. In FIG. 3, coloring of the 
protruding portion 25 indicates a difference in height. Here, 
FIG. 3 shoWs that the protruding portion 25 is formed as high 
as a portion colored With dark black, in other Words, the 
protruding portion 25 is positioned at a front side of the plane 
of FIG. 3. The protruding portion 25 has a rectangular shape 
on the cross section shoWn in FIG. 4. The hologram element 
12 changes the initial phase of a laser beam for every protrud 
ing portion 25. The hologram element 12 generates diffracted 
light by spatially changing the phase of a laser beam. Since a 
laser beam that is coherent light is incident on the hologram 
element 12, satisfactory diffraction characteristic can be 
obtained. 

FIG. 5 is a vieW explaining setting of the length of the 
protruding portion 25 in the Z direction. By using a ?rst unit 
length d1 as a unit, the length of the protruding portion 25 
provided in the ?rst region AR1 in the Z direction is set. The 
?rst unit length d1 corresponds to the ?rst Wavelength region. 
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10 
By using a second unit length d2 as a unit, the length of the 
protruding portion 25 provided in the second region AR2 in 
the Z direction is set. The second unit length d2 corresponds 
to the second Wavelength region. By using a third unit length 
d3 as a unit, the length of the protruding portion 25 provided 
in the third region AR3 in the Z direction is set. The third unit 
length d3 corresponds to the third Wavelength region. The 
hologram element 12 can be con?gured to have a predeter 
mined function by optimiZing surface conditions including 
the length of the protruding portion 25 in the Z direction and 
a pitch and a pattern of the protruding portion 25 Within the 
XY plane. 
By diffracting the R light, the G light, and the B light in the 

?rst region AR1, the second region AR2, and the third region 
AR3 on the same plane, respectively, a smaller number of 
components are used as compared With a case Where a holo 
gram element is disposed for every Wavelength region and a 
space can be saved. In addition, it is possible to obtain reliable 
optical performance With respect to light components in a 
plurality of Wavelength regions by adopting a con?guration 
of diffracting light components in different Wavelength 
regions for every region. By adopting a con?guration using 
one hologram element 12 With respect to light components in 
three Wavelength regions, it is possible to realiZe a compact 
con?guration having a small number of components com 
pared With a case Where a plurality of hologram elements are 
used. In addition, one polariZed light separating ?lm 16 
required in an optical system may be used. 

FIG. 6 is a vieW explaining separation and mixing of 
respective color light components in the polariZed light sepa 
rating portion 15 and the Wavelength separating portion 17. R 
light L1, G light L3, and B light L5 from the hologram 
element 12 are incident on the polariZed light separating 
portion 15.An optical path of the R light L1 that is s-polariZed 
light is bent by re?ection from the polariZed light separating 
?lm 16, and then the R light L1 is incident on the Wavelength 
separating portion 17. The R light L1 incident on the Wave 
length separating portion 17 is transmitted through the Wave 
length separating ?lm 18 and is then incident on the spatial 
light modulation device 20R for R light. R light L2, Which has 
been converted from s-polariZed light to p-polariZed light by 
modulation in the spatial light modulation device 20R for R 
light, is transmitted through the Wavelength separating por 
tion 17 and is then incident on the polariZed light separating 
portion 15. The R light L2 incident on the polariZed light 
separating portion 15 is transmitted through the polariZed 
light separating ?lm 16 and moves in the direction of the 
projection lens 21 (refer to FIG. 1). 
The G light L3 that is p-polariZed light is transmitted 

through the polariZed light separating ?lm 16 and is then 
incident on the prism 19. The G light L3 transmitted through 
the prism 19 is incident on the spatial light modulation device 
20G for G light. G light L4, Which has been converted from 
p-polariZed light to s-polariZed light by modulation in the 
spatial light modulation device 20G for G light, is transmitted 
through the prism 19 and is then incident on the polariZed 
light separating portion 15. The length of an optical path of 
the G light can be made equal to those of the R light and the 
B light by providing the prism 19. An optical path of the G 
light L4 incident on the polariZed light separating portion 15 
is bent by re?ection from the polariZed light separating ?lm 
16, and then the G light L4 moves in the direction of the 
projection lens 21. 
An optical path of the B light L5 that is s-polariZed light is 

bent by re?ection from the polariZed light separating ?lm 16, 
and then the B light L5 is incident on the Wavelength sepa 
rating portion 17. The optical path of the B light L5 incident 
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on the Wavelength separating portion 17 is bent by re?ection 
from the Wavelength separating ?lm 18, and then the B light 
L5 is incident on the spatial light modulation device 20B for 
B light. An optical path of B light L6, Which has been con 
ver‘ted from s-polarized light to p-polarized light by modula 
tion in the spatial light modulation device 20B for B light, is 
bent by re?ection from the Wavelength separating ?lm 18, and 
then the B light L6 is incident on the polarized light separating 
portion 15. The Wavelength separating portion 17 causes the 
R light L2 from the spatial light modulation device 20R for R 
light and the B light L6 from the spatial light modulation 
device 20B for B light to be mixed to move in the direction of 
the polarized light separating portion 15. The B light L6 
incident on the polarized light separating portion 15 is trans 
mitted through the polarized light separating ?lm 16 and 
moves in the direction of the projection lens 21. The polarized 
light separating portion 15 causes the R light L2 from the 
spatial light modulation device 20R for R light, the B light L6 
from the spatial light modulation device 20B for B light, and 
the G light L4 from the spatial light modulation device 20G 
for G light to be mixed to move in the direction of a screen (not 
shoWn) that is a projected surface. 
By using the above-described hologram element 12, it is 

possible to achieve reliable optical performance With respect 
to light components having a plurality of Wavelengths and to 
realize an illumination device having a compact con?gura 
tion. In addition, it is possible to realize a con?guration of 
emitting light by causing respective color light components to 
use the same optical path as Whenbeing incident on the spatial 
light modulation device. Thus, since high performance and 
compact con?guration can be realized, an effect that a bright 
and high-quality image can be displayed is obtained. 

It is suf?cient that the projector 10 has a con?guration 
capable of emitting light by using the same optical path as 
When being incident on the spatial light modulation device. 
That is, the con?guration of the projector 10 is not limited to 
that in the present embodiment. For example, R, G, and B 
may be exchanged on the basis of the con?guration described 
in the present embodiment. A polarization property of the 
polarized light separating portion 15 may be arbitrarily set 
according to the con?guration of the projector 10 Without 
being limited to re?ecting s-polarized light and transmitting 
p-polarized light. A Wavelength property of the Wavelength 
separating portion 17 may be arbitrarily set according to the 
con?guration of the projector 10 Without being limited to 
transmitting R light and re?ecting B light. 

Each of the light source portions 11R, 11G, and 11B for 
respective color light components may also have a con?gu 
ration using a Wavelength conversion element that converts 
the Wavelength of a laser beam from a semiconductor laser, 
for example, a second-harmonic generation (SHG) element. 
A diode pumped solid state (DPSS) laser, a solid state laser, a 
liquid laser, a gas laser, and the like may also be used as the 
light source portions 11R, 11G, and 11B for respective color 
light components instead of the semiconductor laser. 

The hologram element 12 can be manufactured by pattern 
transfer using a mold, for example. First, a resist is coated on 
a quartz substrate and then an electron beam is irradiated onto 
the resist With an electron beam exposure apparatus to thereby 
perform patterning of the resist. Then, a mold formed of 
quartz is formed by performing etching processing. Then, the 
substrate and the mold for forming the hologram element 12, 
such as a ?lm-like member formed of a synthetic resin, are 
heated up to the glass transition temperature or more of a 
substrate. After holding the substrate and the mold for a 
predetermined period of time in a state Where the substrate 
and the mold are pressed against each other, the substrate and 
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12 
the mold are cooled up to the glass transition temperature or 
less of the substrate and then the substrate and the mold are 
detached from each other. Thus, the hologram element 12 
having a desired shape transferred onto the substrate is 
formed. 
As described above, the hologram element 12 can be 

formed by forming a mold and then heat transferring the 
shape of the mold onto a substrate, that is, by using a so-called 
nano-imprinting technique. In addition, the manufacturing 
method described herein is only an example, and any kind of 
technique may be used as long as the hologram element 12 
having a desired shape can be manufactured. 

Second Embodiment 

FIG. 7 is a vieW schematically illustrating the con?guration 
of a projector 30 according to a second embodiment of the 
invention. The projector 30 according to the present embodi 
ment has a ?rst hologram element 32 and a second hologram 
element 33. The same components as in the ?rst embodiment 
are denoted by the same reference numerals, and a detailed 
description thereof Will be omitted. 
A light source portion 31R for R light is a ?rst light source 

portion that supplies R light Which is a laser beam in a ?rst 
Wavelength region. A light source portion 31B for B light is a 
second light source portion that supplies B light Which is a 
laser beam in a second Waveguide region different from the 
?rst Wavelength region. A light source portion 3 1G for G light 
is a third light source portion that supplies G light Which is a 
laser beam in a third Wavelength region different from the ?rst 
Wavelength region and the second Wavelength region. The 
light source portion 31R for R light, the light source portion 
31G for G light, and the light source portion 31B for B light 
each have semiconductor lasers. The light source portion 31R 
for R light supplies ?rst polarized light having a ?rst oscillat 
ing direction. The ?rst polarized light is s-polarized light, for 
example. The light source portion 31B for B light and the light 
source portion 31G for G light supply second polarized light 
having a second oscillating direction. The second polarized 
light is p-polarized light, for example. 
R light from the light source portion 31R for R light and B 

light from the light source portion 31B for B light are incident 
on the ?rst hologram element 32. The ?rst hologram element 
32 forms a predetermined illumination pattern on an irradi 
ated surface by diffracting R light from the light source por 
tion 31R for R light and B light from the light source portion 
31B for B light. The ?rst hologram element 32 performs 
shaping and enlargement of an illuminated region and equal 
ization of the light amount distribution in the illuminated 
region. The ?rst hologram element 32 diffracts the R light in 
the ?rst region. In addition, the ?rst hologram element 32 
diffracts the B light in the second region on the same plane as 
the ?rst region. The R light and the B light from the ?rst 
hologram element 32 are transmitted through a ?eld lens 14 
and are then incident on a polarized light separating portion 
34. The polarized light separating portion 34 is provided at the 
position Where the R light and the B light transmitted from the 
?rst hologram element 32 through the ?eld lens 14 are inci 
dent. 
G light from the light source portion 31G for G light is 

incident on the second hologram element 33. The second 
hologram element 33 performs shaping and enlargement of 
an illuminated region and equalization of the light amount 
distribution in the illuminated region. The second hologram 
element 33 makes the G light diffracted. The G light from the 
second hologram element 33 is transmitted through the ?eld 
lens 14 and is then incident on a light mixing portion 37. The 
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light mixing portion 37 is provided at the position Where the 
G light transmitted from the second hologram element 33 
through the ?eld lens 14 is incident. 

The polarized light separating portion 34 is a light separat 
ing portion for separating the R light and the B light from the 
?rst hologram element 32 from each other. The polarized 
light separating portion 34 is formed by bonding tWo rectan 
gular prisms together. A polarized light separating ?lm 35 is 
coated betWeen the tWo rectangular prisms. The polarized 
light separating ?lm 35 is a dielectric multi-layered ?lm, for 
example. The polarized light separating portion 34 serves to 
make s-polarized light, Which is the ?rst polarized light, 
re?ected from the polarized light separating ?lm 35 and p-po 
larized light, Which is the second polarized light, to be trans 
mitted through the polarized light separating ?lm 35. The 
light mixing portion 37 mixes the R light, the B light, and the 
G light. The light mixing portion 37 is formed by bonding tWo 
rectangular prisms together. A polarized light separating ?lm 
38 is coated betWeen the tWo rectangular prisms. The polar 
ized light separating ?lm 38 is a dielectric multi-layered ?lm, 
for example. The light mixing portion 37 serves to make 
s-polarized light, Which is the ?rst polarized light, re?ected 
from the polarized light separating ?lm 38 and p-polarized 
light, Which is the second polarized light, to be transmitted 
through the polarized light separating ?lm 38. The polarized 
light separating portion 34 and the light mixing portion 37 
may have not only a cube shape but also a plate shape. 
A Wavelength selection polarization conversion portion 36 

is provided betWeen the polarized light separating portion 34 
and the light mixing portion 37. The Wavelength selection 
polarization conversion portion 36 converts the B light, Which 
is s-polarized light, into p-polarized light and allows the R 
light, Which is p-polarized light, to be transmitted there 
through. For example, the ‘color select’ manufactured by 
Color Link lnc., U.S. can be used as the Wavelength selection 
polarization conversion portion 36. The light source portions 
31R, 31B, and 31G for respective color light components, the 
?rst hologram element 32, the second hologram element 33, 
the tWo ?eld lenses 14, the polarized light separating portion 
34, the Wavelength selection polarization conversion portion 
36, the light mixing portion 37, and the prism 19 form an 
illumination device. 
A spatial light modulation device 20R for R light is pro 

vided on a side of the polarized light separating portion 34 not 
facing the Wavelength selection polarization conversion por 
tion 36. The spatial light modulation device 20R for R light is 
a ?rst spatial light modulation device that modulates R light 
from the illumination device according to an image signal. 
The spatial light modulation device 20R for R light modulates 
the R light from the polarized light separating portion 34 and 
makes the modulated R light incident on the polarized light 
separating portion 34. The spatial light modulation device 
20B for B light is provided at the position symmetrical to the 
spatial light modulation device 20R for R light With respect to 
the polarized light separating ?lm 35. The spatial light modu 
lation device 20B for B light is a second spatial light modu 
lation device that modulates B light from the illumination 
device according to an image signal. The spatial light modu 
lation device 20B for B light modulates the B light from the 
polarized light separating portion 34 and makes the modu 
lated B light incident on the polarized light separating portion 
34. 

The prism 19 is provided at a side of the light mixing 
portion 37 not facing the ?eld lens 14. The spatial light modu 
lation device 20G for G light is provided on a surface of the 
prism 19 not facing the light mixing portion 37. The spatial 
light modulation device 20G for G light is a third spatial light 
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14 
modulation device that modulates G light from the illumina 
tion device according to an image signal. The spatial light 
modulation device 20G for G light modulates G light trans 
mitted from the light mixing portion 37 through the prism 19 
and makes the modulated G light incident on the light mixing 
portion 37 through the prism 19. 
By adopting a con?guration using the tWo hologram ele 

ments 32 and 33 With respect to light components in three 
Wavelength regions, it is possible to realize a compact con 
?guration having a small number of components compared 
With a case Where three hologram elements are used. Further 
more, in the ?rst hologram element 32, it is possible to reduce 
the shift amount of diffracted light With respect to an optical 
axis AX1 of the ?rst hologram element 32, as compared With 
a case of diffracting light components in three Wavelength 
regions With one hologram element. As a result, it is possible 
to increase the diffraction e?iciency. 

FIG. 8 is a vieW explaining separation and mixing of 
respective color light components in the polarized light sepa 
rating portion 34 and the light mixing portion 37. R light L11 
and B light L13 from the ?rst hologram element 32 are inci 
dent on the polarized light separating portion 34. An optical 
path of the R light L11 that is s-polarized light is bent by 
re?ection from the polarized light separating ?lm 35, and then 
the R light L11 is incident on the spatial light modulation 
device 20R for R light. R light L12, Which has been converted 
from s-polarized light to p-polarized light by modulation in 
the spatial light modulation device 20R for R light, is trans 
mitted through the polarized light separating ?lm 35. The R 
light L12 emitted from the polarized light separating portion 
34 is transmitted through the Wavelength selection polariza 
tion conversion portion 36 and is then incident on the light 
mixing portion 37. The R light L12 incident on the light 
mixing portion 37 is transmitted through the polarized light 
separating ?lm 38 and moves in the direction of a projection 
lens 21 (refer to FIG. 7). 
B light L13 that is p-polarized light is transmitted through 

the polarized light separating ?lm 35 and is then incident on 
the spatial light modulation device 20B for B light. An optical 
path of B light L14, Which has been converted from p-polar 
ized light to s-polarized light by modulation in the spatial 
light modulation device 20B for B light, is bent by re?ection 
from the polarized light separating ?lm 35, and then the B 
light L14 is incident on the Wavelength selection polarization 
conversion portion 36. The B light L14 incident on the Wave 
length selection polarization conversion portion 36 is con 
verted from s-polarized light into p-polarized light. The B 
light L14 converted into p-polarized light is transmitted 
through the polarized light separating ?lm 38 and moves in 
the direction of the projection lens 21. The polarized light 
separating portion 34 causes the R light L12 from the spatial 
light modulation device 20R for R light and the B light L14 
from the spatial light modulation device 20B for B light to be 
mixed to move in the direction of the light mixing portion 37. 
G light L15 from the second hologram element 33 is inci 

dent on the light mixing portion 37. The G light L15 that is 
p-polarized light is transmitted through the polarized light 
separating ?lm 38 and is then incident on the prism 19. The G 
light L15 transmitted through the prism 19 is incident on the 
spatial light modulation device 20G for G light. G light L16, 
Which has been converted from p-polarized light to s-polar 
ized light by modulation in the spatial light modulation device 
20G for G light, is transmitted through the prism 19 and is 
then incident on the light mixing portion 37. An optical path 
of the G light L16 incident on the light mixing portion 37 is 
bent by re?ection from the polarized light separating ?lm 38, 
and then the G light L16 moves in the direction of the pro 
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jection lens 21. The light mixing portion 37 causes the R light 
L12 from the spatial light modulation device 20R for R light, 
the B light L14 from the spatial light modulation device 20B 
for B light, and the G light L16 from the spatial light modu 
lation device 20G for G light to be mixed to move in the 
direction of a screen (not shoWn) that is a projected surface. 
By using the above-described hologram elements 32 and 

33, it is possible to achieve reliable optical performance With 
respect to light components having a plurality of Wavelengths 
and to realize an illumination device having a compact con 
?guration. In addition, it is possible to realize a con?guration 
of emitting light by causing respective color light components 
to use the same optical path as When being incident on the 
spatial light modulation device. Also in the present embodi 
ment, a bright and high-quality image can be displayed since 
high performance and compact con?guration are realized. 
Also in the present embodiment, for example, R, G, and B 
may be exchanged on the basis of the con?guration described 
in the present embodiment. Polarization properties of the 
polarized light separating portion 34 and the light mixing 
portion 37 may be arbitrarily set according to the con?gura 
tion of the projector 30 Without being limited to re?ecting 
s-polarized light and transmitting p-polarized light. A Wave 
length property and a polarization property of the Wavelength 
selection polarization conversion portion 36 may be arbi 
trarily set according to the con?guration of the projector 30 
Without being limited to performing polarization conversion 
of only B light ofR light and B light. 

Third Embodiment 

FIG. 9 is a vieW schematically illustrating the con?guration 
of a projector 40 according to a third embodiment of the 
invention. The projector 40 according to the present embodi 
ment is characterized in that ?rst-order diffracted light is 
incident on an irradiated surface by hologram elements 41 
and 42. The same components as in the second embodiment 
are denoted by the same reference numerals, and a detailed 
description thereof Will be omitted. 

FIG. 10 is a vieW illustrating theYZ plane con?guration of 
each component on an optical path from a light source portion 
31B for B light to a spatial light modulation device 20B for B 
light. A light source portion 31R for R light is positioned at a 
back side (minus X side) of the light source portion 31B for B 
light as vieWed from the plane in the draWing. A spatial light 
modulation device 20R for R light is positioned at a back side 
(minus X side) of the polarized light separating portion 34 as 
vieWed from the plane in the draWing. The light source por 
tion 31R for R light and the light source portion 31B for B 
light make the R light and the B light arranged in parallel in 
the X direction incident on the ?rst hologram element 41. The 
X direction is a speci?c direction along an XY plane that is a 
?at surface. 

The light source portion 31B for B light and the light source 
portion 31R for R light are disposed on the optical axis AX1 
of the ?rst hologram element 41 Within a YZ plane. The light 
source portion 31B for B light, the light source portion 31R 
for R light, and the ?rst hologram element 41 are disposed by 
shifting the optical axisAX1 from a polarized light separating 
portion 34. The ?rst hologram element 41 makes only the 
?rst-order diffracted light, Which is shifted from the optical 
axis AX1 Within the YZ plane, incident on an irradiated sur 
face. The YZ plane is a ?at surface approximately perpen 
dicular to the X direction that is a speci?c direction. 

FIG. 11 is a vieW illustrating theYZ plane con?guration of 
each component on an optical path from a light source portion 
31G for G light to a spatial light modulation device 20G for G 
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light. The light source portion 31G for G light is disposed on 
an optical axis AX2 of the second hologram element 42 
Within the YZ plane. The light source portion 31G for G light 
and the second hologram element 42 are disposed by shifting 
the optical axis AX2 from the light mixing portion 37. The 
second hologram element 42 makes only the ?rst-order dif 
fracted light, Which is shifted from the optical axis AX2 
Within the YZ plane, incident on an irradiated surface. In the 
con?guration in Which ?rst-order diffracted light and zero 
order diffracted light are simultaneously incident on an irra 
diated surface, if the light amount of the zero-order diffracted 
light is larger than that of the ?rst-order diffracted light, there 
is a case Where only a part of an illuminated region is bright 
since the zero-order diffracted light and the ?rst-order dif 
fracted light overlap each other. By adopting a con?guration 
in Which only the ?rst-order diffracted light is incident, it is 
possible to make the light amount distribution uniform. Thus, 
light having the uniform light amount distribution can be 
supplied. 

FIG. 12 is a vieW illustrating a con?guration example of a 
case of using a transmissive spatial light modulation device 
52, Which is a comparative example of the present embodi 
ment. First-order diffracted light from the hologram element 
51 is incident on the spatial light modulation device 52 
through a ?eld lens 14. G light modulated by the spatial light 
modulation device 52 is mixed With R light and B light by a 
cross dichroic prism 53 and moves toWard a projection lens 
21. In this case, the ?rst-order diffracted light may be con?g 
ured to be shifted from an optical axis Within an XZ plane 
Where R light, G light, and B light are arranged in parallel. 
On the other hand, in the case When the projector 40 

according to the present embodiment shoWn in FIG. 9 is 
con?gured such that ?rst-order diffracted light from the opti 
cal axes AX1 andAX2 Within the XZ plane is shifted, the shift 
amount of the ?rst-order diffracted light from the optical axes 
AX1 and AX2 becomes different for every color light com 
ponent. In the case Where the shift amount of the ?rst-order 
diffracted light is different for every color light component, it 
is dif?cult to obtain the same diffraction ef?ciency for respec 
tive color light components. Like the present embodiment, it 
is possible to make the shift amount of the ?rst-order dif 
fracted light from the optical axes AX1 and AX2 equal by 
adopting a con?guration of shifting the ?rst-order diffracted 
light from the optical-axis AX1 andAX2 Within theYZ plane. 
Thus, it is possible to obtain approximately the same diffrac 
tion e?iciency for respective color light components. 

In the projector according to each of the embodiments 
described above, a Wavelength selection polarization conver 
sion portion (Color Select) for making a polarizing direction 
for every color light component uniform is required in the 
case of using a lamp, such as a UHP lamp, instead of a laser 
light source. The Wavelength selection polarization conver 
sion portion is provided before a polarized light separating 
portion. For example, in the con?guration shoWn in FIG. 1, 
the Wavelength selection polarization conversion portion may 
be provided betWeen the ?eld lens 14 and the polarized light 
separating portion 15. In the con?guration shoWn in FIG. 7, 
the Wavelength selection polarization conversion portion may 
be provided betWeen the ?eld lens 14 and the polarized light 
separating portion 34 and may be provided betWeen the ?eld 
lens 14 and the light mixing portion 37 as needed. In the case 
of using a laser light source, it is possible to supply predeter 
mined polarized light for every color light component, Which 
is advantageous in that the Wavelength selection polarization 
conversion portion is not needed. 
The projector according to each of the embodiments 

described above may have a free polarizing plate provided 








